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2964) where these apply, 18aar naterial fs  added ahere applicable. 



and eo complete the corollary rmusursmente of material mahala- 

ical properties, so that correlating pasassetera retlrtlng m- 

terial rrebclhanierl propeptigs to cavitatlm damage c ia  be dslin- 

earted. The damage testa in water and ae9.cux-y ape mostly at  rema 

temperature, although 8056 teats with 50PP nmrcury haw, been 

u d e  to obtain ttne efset of t h e  higher vapor pressuse. 

A psrallel program usha$ 8 vibratoty facility has h e n  

collducted under the NSF grant wherein it i s  planned eventual- 

ly to teat most of a e  u a w  materials tested in the W A  van- 

turi program in the vibratory rig, at tbe s- teBIgsrarturgs 

attaiaable in the veneuris, In addition, auch higher temper- 

ertaare teots arm planned in tbs vibratory iaciliLIy, still 



~ . 
- 3 -  

with those 0% the V0ntUX'i-&@Sted BPatePjlals which 8- Skppli- 

cable to such teqmratures. 

ahasen for tbe high-temperatwe teats, since it offeps an approxi- 

mte %%gh-tealsgraiture aere~ry", am4 s laa  3s ncwe trac*Able wfth 

re~ppect to harsdjling problems than nmt other liquid metals. 

aod nereury wiXl be used a t  ram ttempmtrare, and lead-biamu%h and ' 

mercury at 6- (to compare w i t h  the wsrcury tunnel teats at that 

te~lggssture). 

at 1SOOQF with  lea&-bismuth hes Men completed. 

Moltesn Pead-bisauth alloy bas 'been 

Water 

8% the present wriLirrg *he f u l l  program at 5OWF a d  

%'he venturi teste, i n  addition to exploring a w 4  braad 

range of Baterial properties as mentioned above, mast slao examine the 

effects of Pluid velocity , presetares and pressure gradients effeot~l 

of geometry in that they perturb the preasu-s rad t h e  ve loc i t ies  

(and their synwmtry), eifeate of gae and/or other liquid trace Am- 

puri t ies ,  and f luid tempera&ure (and ita effects OR vapor pressure, 

other f lu id  properties fi nteriorl properties , eta, 3 ,  effacts ai pre- 

BtmcssPing the Eiarterlale, etc. Much infomation and detailed data 

hove h e n  achieved on many of tberse during the present report period 

and pr~eiouelg ,  but ruch yet  remains to be done. 

is necsssaey to explore single-palparaster efgecto aa e.g., the effect 

of *races of gas. and/or water bn the aemury, the effect of alter- 

I= the pametry to the extent of mplaaing a speePararn arsangeaent 

COnpriloing two speei8ena with a 1200 aeprrrtloa with either a 

ehrsg-sgecriwn symmetric arrangement or a twc+speci#n 1800 arrange- 

ment. 

found that these are apgrlrsntly substanthl  differences in d- 

ratea attributable to these relatively minor changes of geaetrt. 

A t  present it is believed that thie I s  due to the non-spmtries 

Far instances it 

A I 1  of Wese have been Useca i n  the prpograa, @ it has been 
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ixitrodueed by one sf the arrangements and the resultant croes- 

iPms which result In s a a 8 . B  local vortices o f f  the slpecimarlp edges. 

the substitution of a pin-apeciaran for a plate spechen in the ven- 

by translatory flaas. 

In addition to the eavitatiaa tests it has been necerssary to 

conduct a parallel prcsgrzh of mechanical property tests on the var- 

ious alloys used fbr the damage tee$@, at the applicable tenper- 

aturea, slime it w a s  found that handbook values even for very staa- 

dard laatssia3ts are P Q ~  at 811 eruificient, and that  very eubtaatial 

variations i n r  important aecbrmical properties wcur between differ-  

ent samples ob suppomdlp the s a w  material. 

present writing is nerrply complete. 

This program at  the 

It fs also desired to examine the cavitation damage by sec- 

tioning selected samples to &0rve effects on the microstructure, 

and i n  all cases to examine carefully the damaged surfaces t o  mon- 

itor the type and distribution of pittirag. 

have been conducted as1 e.#. , one in which the microharbnems of 

Various spacial t ea t s  

the cavitated surface8 ior several chosen materiale vau caref’ullp 

measured before and after various degrees of expomure to orvita- 

tion. tt bas barren observed la  fbidll particular came that thr, mar- 

iacs hardnests did increme subotantirlly sws cavitation proeeedd, 
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but  as a funct ion of the  local in tens i ty  of cavi ta t ion .  

When t he  data ZPOP a l l  of the above have k e n  obtained, it 

is expcted that it w i l l  be msiible to formulate correlating 
0 

equations allowing at  laast t h e  appreximate predic t ion  of cavi ta-  

t i o n  dmsage for flaas s i m i l a r  to those invest igated as a funct ion 

03 material propemties (including prestressing effects), f l u i d  pro- 

perties (including gaseous and liquid impurity effects), the possible  

coupling terms betrreen these, and flaw parameters such as pressure, 

pressure gradient ,  ve loc i ty ,  vorticity, etc A q u i t e  sophis t ica ted ,  

computerized regression a n a l y s d s  is being used t o  obtain the desired 

co r re l a t ing  equations, and g’reldairnaary indications are thae the 

effort w i l l  be successful .  S t  w i l l  then Be possible t o  obtain a 

very d i r e s t  comparison between the retmlts from t he  flowing andl 

vibratory (static) facilities, an dbjsceise which B a s  been long de- 

sired but  not yet a t ta ined .  @ 
In addi t ion,  more baaic t h e o r e t i c a l  bubble-dynaraic s t u d i e s  have 

and will be continued. While ehsse of necessi ty  must deal with COP- 

s iderably  over-simplified casee, they are capable of allwing a c m -  

parison betreen ant ic ipa ted  damage effects with d i f f e r e n t  f l u i d s  

and flow condi t ions,  as w e l l  as shedding l i g h t  on the basic mech- 

anism. 

single bubble i n  an i n f i n i t e  fluid i n  which all appl icable  real f l u i d  

For example, a just-completed study 0% the collapse of a 

e f f e c t s  rere considered, showed tha t  the pressures generated on a 

uearby s t r u c t u r a l  riernber during collapue, were not s u f f i c i e n t  general- 

ly to cause t h e  observed damage. 

damaging magnitude in the vicinity of rebounding bubbles can be 

shown to exist. I t  is now planned to inves t iga te  the effects oi 

On t h e  other hand, pressures of 
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of asymmetries in tha collapse which recent experimental and theo- 

retical eoitience indicate are ~ ~ e l y  to tm sf extreme importance in 

the actual process. 
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0 A. masage %sting in water mnnel meilitr 
The materials involved i n  t h e  water ventur i  damage teat  grogram 

were described in detail, along with the  reasons ior their choice, 

i n  t h e  last status report. The water damage tes% program was con- 

tinued along the l i n e s  set forth in the last status report, and a 

total  of apprazira&ely 56170 specimen-hcrrarrz w a s  accrued during t h e  

present  report period. The or ig ina l ly  planned water damage program 

progralp. Huwever, scam Special purpose tests remain in both cases. 

During ttne period BL new 40 hp var iab le-sped  d r ive  u n i t  w a s  

i n s t a l l e d  on the water f a c i l i t y  as the original u n i t  (World War PI 

surp lus  vintage) failed. 

B. Cavitation Izerformance Testing in Water Fbcilitgr 

In order to obtain the  overa l l  correlations previously dis- 

cussed relating damage t o  flaw parameters it i ra  also necessary to 

relate cavi ta t iotr  condi t ion to these 8ame flar par81~e~ers. Hence 

inves t iga t ions  involving measureaagrtts of pressure profiles along 

the  venturis two-dimesnsional model, as a function of velacity,  

f l u i d ,  temperature, gas content, etc. have proceeded during: the passt 

report period. 

the  test specimen iacee eherselves, awl high-speed motion picturea 

af tbe Slap have beon continued. These testa have been rs8ociated 

r f t h  three Ph.D. theses (om of which is raw completed) rad have 

been p a r t i a l l y  supported by the RSF grant, the A%amias hternrtiorrarl 

contract# and the  NASA grant ,  

0 

Ira addi t ion  measurewnts of local preseures along 
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C. ikmage TestPng in Mercury Tune1 F a c i l i t y  

This program also w a s  describad in detail in the last 

status report, and, during the present report period, haa gro- 

ceeded a l o q  the P i n e s  so indicated. 

hours was accrued, 

A total sf 2634 speci~~nr- 

D. Performance Testing i n  Mercury Tunnel Facflllty 

C o n s i d e r a b l e  work similar to that listed above for water 

facility was conducted during the report per id .  This is connected 

wi th  the 8- Bh.D. Theses. 
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